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PRECESS FOR PRODUCING GASOLINE FROR A
CRACKED FIED STOCK BY CATALYTIC HY-
DROCRACEING

Harold ¥. Masop, Berkelsy, John W. Scoit, Jr., Ross, and
Lyman 8, Stanton, Boron, Calif,, assignors to California
Research Corporation, San Franciseo, Calif., 2 corps-
ration of Delaware

Filed Jan. 3, 1961, Ser. No. 89,496
12 Ciaims. (CL 208—68)

This invention relates to a catalytic process for pro-
ducing high quality gasoline from comparatively high-
boiling hydrocarbon fractions, and it is particularly di-
rected to an integrated process involving a novel sequence
of operating steps for producing high octane gasoline
from petroleum stocks having an initial boiling point
above about 325° F. and an end point below about
900° F.

This application is a coatinuation-in-part of our co-
pending application Serial No. 575,254, filed March 30,
1956, now abandoned.

ISOMERIZATION-CRACKING STEP

The process of the present invention includes an isom-
erization-cracking step whersin a hydrocarbon stock hav-
ing an initial boiling point above about 325° F. and
an end point below about 900° F. is contacted in an
isomerization-cracking zone, in the presence of from
about 1,500 to 30,000 s.c.f. H, per barrel of total feed
to said zone, with a catalyst composite comprising a
hydrogenating-dehydrogenating component and an active
cracking support. This contacting step is conducted at
a temperature of from about 400° to 900° F., a pres-
sure of at least 500 p.s.i.g., and an LHSV of from about
0.2 to 15. The effiuent from the isomerization-cracking
zone is then preferably freed of a hydrogen-rich recycle
stream which is returned, along with make-up hydrogen
to replace that consumed in the reaction, to that zone.
The remaining portion of the effluent is then separated
so as to recover a gas fraction, at least one gasoline
fraction, an intermediate fraction boiling above the
heaviest gasoline fraction, having an initial boiling point
of about 375°+30° F. and an end point of about
475°x25° F,, and a bottoms fraction boiling above said
intermediate fraction. A portion, and preferably all, of
the intermediate fraction recovered from the isomeriza-
tion-cracking zome is returned to that zone.

CATALYTIC CRACKING STEP

A preferred manner of operation is to integrate a
catalytic cracking step with the isomerization-cracking
step referred to above. It has been found that, if par-
ticularly well-defined boiiing range fractions are em-
ployed as feed and recycle sireams, the combined proc-
ess. affords a means of producing an excellent high quality
gasoline that wiil meet all of the requirements of the
oresent-day, high compression, internal combustion en-
gine.

FEED

The present invention is directed to the conversion of
gasoline of straight-run, thermally cracked and, prefer-
~ ably, catalytically cracked, hydrocarbon fractions hav-
ing initial T.B.P.’s (irue boiling point) of above about
325° F. and end points of below about 900° F. Among
the fractions falling within this general range will be
found those hydrocarbons which are known in the refin-
ing art as naphthas, gas oils, coker distillates, and cracked
(thermally or catalytically) cycle oils. In any case, the
feed, along with from about 1,500 to 30,000, and prefer-
ably from about 3,000 to 15,000 s.c.f. (standard cubic
feet) of hydrogen per barrel of total reaction feed, is
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passed into the iscmerization-cracking zone at an LHSV
(tiquid hourly space velocity) of from about 0.2 to 15,
and preferably from about 0.4 to 3.0, and intimately
contacted with the catalyst.

NITROGEN CONTENT OF FEED

‘While the invention can be practiced with utility in con-
nection with petroleum fesds to the isomerization-crack-
ing zone containing relatively large quantities of nitro-
gen, the operation becomes much more economical with
stocks containing less than 200 p.p.m., preferably below
100 p.p.m., and much more preferably below 10 p.p.m.,
of nitrogen. A reduction in feed nitrogen level permits
the isomerization-cracking reaction to be conducted at
lower temperatures than with feeds containing relatively
large amounts of nitrogen compounds. Therefore, in the
case of feed stocks which are not inherently low in nitro-
gen, accepiable levels can be reached by pretreating the
feed to the catalytic cracking umit by a mifrogen com-
pound exfraction process, or by contacting either the
catalytic cracking unit feed or, preferably, the particular
feed to the isomerization-cracking process with hydrogen
in the presence of a suitable catalyst at elevated tempera-
tures and pressures to remove nitrogen compounds there-
from. A particularly effective catalyst for removing ni-
trogen by hydrogenation is one wherein a co-precipitated
molybdena-alumina material (e.g., one prepared in ac-
cordance with the disclosure of U.S. Patent No. 2,432,286
to Claussen et al., or U.S. Patent No. 2,697,006 to Sieg)
is combined with cobalt oxide, the final catalyst having a
metals content equivalent to about 2% cobalt and 7%
molybdenum. Representative processing conditions for
removing nitrogen with this catalyst are an LHSV of 1-3,
700°-800° F., 200-1500 p.si.g., and 1000~15,000 s.c.f.
H, per barrel of feed stock. :

OPERATING CONDITIONS

The contacting step is conducted uader a pressure of
at least 500 p.sig., and preferably from about 800 to
3,000 p.sig. The temperature is maintained in the range
of from about 400° to 900° F., preferably from about
500 to 800° F., because, at temperatures above about
800° F., the amount of gasoline product Iost to the less
desirable C; and lighter materials rapidly increases, thus
lowering the motor fuel yield. For example, it has been
found that the amount of methane produced at 860° F.

er unit of converted product is approximately sixteen
times as great as that formed at 700° F., and four times
as great as that produced at 750° F. At higher tem-
peratures the situation becomes much worse. Accord-
ingly, resort is normally had to temperatures above about
750° F. only in the last stages of the catalyst on-stream
period when it is desired to maintain relatively high activ-
ity at the expense of higher light gas losses or, in the case
when the relatively high nitrogen-containing feeds are
processed. Further, operations at temperatures above
about 750° F. and at low or moderate pressures induce
a relatively rapid decrease in the activity of the catalyst
as reflected by reduced per-pass conversion levels. Thus,
when operating at 875° F. and at a relatively low pres-
sure, for example 1500 p.s.i.g., on'a hydrofined light cycle
oil feed, regeneration of a cobalt-molybdenum on silica-
aluminum catalyst is required in most instances after on-
stream periods of one day or less, which contrasts with
on-stream periods of 100 to 309 or more hours at: good
activity as temperatures are maintained below about 825°
F. With operation at 800° F. and higher with the same
and similar feeds, but with nickel sulfide on silica-ahimi-
na, regeneration is required after on-stream periods of a
few- hundred hours or less, compared with operation be-
low 700° F., with which can be obtained on-stream pe-
riods of several thousand hours without regeneration. In
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the present process, it is recommended that the reaction
‘be conducted at an initial on-stream temperature from
about 550° to 650° F., with a progressive increase o
about 750° to 850° F., so as to maintain catalyst activit
at a controiled level. The initial and terminal tempera-
tures will vary, with character of feed and catalyst, with-
in the over-all range specified above.

CATALYST, GENERAL

“The catalyst employed in the isomerization-cracking

10

zone is one wherein a maierial having hydrogenating-

dehydrogenating activity is deposited or otherwise dis-
posed on an active cracking catalyst support.” The crack-
ing component may comprise any oOfi¢ Or more of such
- acidic materials as silica-alumina, silica-magnesia, silica-
alumina-zirconia = composites, alumina-boria, fluorided
. composites, and the like, as well as various acid treated
““clays and similar materials.
drogenating components of the catalyst can be ‘selected
of the various groups V, VI, Vil
and VIII metals, as well as the oxides and sulfides thereof,
" alone or together with promoters or.stebilizers that may
have by themselves small catalytic effect, representative
‘materials being the oxides and sulfides of molybdenum,
| tungsten, vanadium, chromium, and’ the like, as well as
- of metals such.-as iron, pickel,. cobalt, and platinum. it
- desired, more than one hydrogenating—dehydrogenating

‘component can. be present, and good results: have been-

obtained with catalysts containing composites of two or
more of the oxides of molybdenum, cobalt, chromium,
‘and zinc, and with mixtures of said oxides with fluorine.
The amount of the hydrogenating-dehydrogenating ¢com-
‘ponent present can be varied within relatively wide limits
of from. about 0.5 to 30% based on the weight of the
“entire catalyst. o : :

AROMATICS',CCNTENT,—OF FRACTION RECY-.
CLED-TO ISOMERIZATION-CRACKING STE?P - -

The amount and nature of the catalyst hydrogenating-
dehydrogenating component and the catalyst support if
--a preferred embodiment of the process of the -present

invention should enable the resulting catalyst composite:

" to effect the production in the isomerization-cracking zone

at reaction. conditions of a product such that the inter-

mediate boiling range fraction to be recycled in whole or
in part as aforesaid will siill ‘have a relatively high aro-
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matic. content compared with the aromatic content of:*

the original feed.  Where said intermediate boiling range
fraction is relatively aromatic, it is an excellent recycle
stock for the isomerization-cracking zone, and contrib-
~utes to an -increased production of the desired gasoline
- fraction, ~ This is. somewhat unexpected; heretofore the
" emphasis has béen on avoiding the production of ‘an aro-
" maticsrich: fraction in said boiling range because it has
“been felt that fractions in said boiling Tange were best
usable directly as fuels and fuel blending stocks without
recycling " .them. = Therefore,
_said “boiling. range were sought,” because an aromatics-
rich fraction in said boiling fange is undesirable for such
fuel uses as dissel fuels;-jet fuels, and blending- stocks

aromatics-free. fractions -in

50-

‘650° F. block temperature.

and where

4 S

CATALYST CHARACTERISTICS REQUIRED T
ACHIEVE AROMATICS-RICH RECYCLE FRAC-
TION - - -

~ It has now been found that in order to achieve the
desired production of the aromaticsrich intermediate
fraction to be recycled, at sustained required conversion
levels, the catalyst used must have certain particular and
unique characteristics for the purpose intended, relating
to (a) cracking activity, (b) “severity factor,” or SF, as
discussed below, and (¢) activity in influencing ratio. of
iso to normal C,—Cs paraffins,. More particulaily, it"has
been found that the catalyst used must have either or
both of the following satisfactory charactertics:

(1) SF, as defined below, less than 2.0.

(2) A “cracking activity index,” or CAlL as defined be-
low, of at least 50, and an iso/normal C4Cs parafim
production “iso normal activity index,” or INAIJ, as de-
fined below, of more than 1. g

The severity factor, SF, is a measure of the balance
between cracking reactions, including disproportionation,

_and aromatics hydrogenation. It is determined by sub-

jecting the catalyst to a standard. test wherein a trimethyl
benzene feedstock is passed over the catalyst .at 2.0
LHSV, 1209 p.s.i.g., 9000 s.c.f./bbl. hydrogen rate, and
The severity factor is de-
fined in ‘terms of the products produced under such con-
ditions, as follows:" - :

g aromatics hydrogenation index
aromatic cracking index -

where

aromatics hydrogenation index - - :
_ar_omatics converted minus aromatics in synthetic product?®
aromatics converted i

aromatics cracking index

=aromatic's in synthétic,product 1 ( A .
~aromatiesin feed (Ar) i "),

t can be shown that
o A
SF==5-—~
B : - 'AD
vgh'ere this is a high value t'hekc,atalyst has a 'hjgh selec-
tivity - for aromatics saturation. - Accordingly, ‘the pre-
ferred‘cata.lysts for use in the process. of ‘the present
invention are those having the lower severity factors,

“and if their severity factors are low enough, ie., Jess

than 2.0, they;will be satisfactory regardless. of. their-

-.cracking activity indices, or-CAI, and regardless of-their |
* ‘jso/normal- activity. index, or INAL : S

60

" therefor. -Accordingly, heretofore a catalyst, for exam- . '

ple: platinum on silica-alumina,

. -extremely high aromatics-saturation activity, which has
- resulted -in the production of non-aromatic products-in
" said boiling range rather than a recycle stock. o

1n addition to the foregoing reason-for previous-avoid- -

has been: used-having an’

65

The ‘cracking activity -index, CAI is the volume per-

- cent conversion of a light cycle oil feed converted by the -

catalyst to products boiling below feed initial boiling -
point - at conditions -of: 2.0 LHSV,. 1200 p.s.i.g., 6500 -
s.c.f./bbl. gas rate, and temperature below 63G° F.; once-

through operation.. : R

E The iso ‘,_normal activity index, INAI, is the iso/normal. -
ratio- of C4~C5 parafiins produced with the catalyst when
a‘normal decane feed is used; compared with the thermo-

" “dynamic equilibrium iso/normal ratio of Co—Cjy. parafiins,

ance’ of the production-of aromatics-rich. stocks in said” -

boiling range, it has not been appreciated herétofore just. -

- How; even had ‘they. been desired, aromatics-rich stocks

- in said boiling range could have been produced efficiently -

.. and with predictability in a hydrocracking process. from.
- feeds such as. those used in the“pzrcovcerss of the present

“jnvention. - ' :

70°

“which latter ratio is muitiplied by a factor ‘whichpro-

duces a-result of 1. The iso/normal ratio. of .C4=Cs:
.paraffins -actually produced over a given catalyst is multi-.
plied by this same factor to obtain the INAT of the

- catalyst. »

1 Synthetic product is product boiting below initial boiling
point. of feed. o - . : .
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EXEMPLARY CATALYSTS

Exemplary catalysts having satisfactory characteristics
as aforesaid include those containing: () about 1 to
12% molybdenum oxide, (b) a mixture of from 1 to
12% molybdenum oxide and from 0.1 to 10% cobalt
oxide, (¢) mixtures of from about 0.5 to 10% each of
cobalt oxide and chromium oxide, (d) 0.1-10% nickel,
oxide or nickei sulfide, (¢) 0.1~10% cobalt, cobalt oxide,
or cobalt sulfide, (f) mixtures of from 0.1 to 10% each
of nickel and cobalt, as metal, oxide or sulfide, in each
case the said hydrogenerating-dehydrogenating component
being deposited on an active cracking support, comprising
silica-alumina beads having a silica content of about 70
to 95%, the metal content on the support being adjusted
within the aforesaid ranges as required by some pre-
parative methods to obtain satisfactory SF values. Thus,
the molybdenum oxide catalyst can be prepared readily
by soaking the beads in a solution of ammonium mo-
lybdate, drying the catalyst for 24 hours at 220° F.,
and then calcining the dried material for 10 hours at
~ 1000° F. If cobalt oxide is also to be present, the
calcined beads can then be similarly treated with a solu-
tion of a cobalt compound, whereupon the catalyst is
again dried and calcined. Under favorable operating
conditions the isomerization-cracking catalyst will main-
tain high activity over periods of 50 to 300 or more
hours. The activity of the used catalyst can then be
increased, if desired, by a conventional regeneration treat-
ment involving burning off catalyst contaminants with
an oxygen-containing gas.

TYPES OF OPERATION TO WHICH PROCESS
IS ADAPTED

While the invention will be described more particu-
larly in connection with the method of fixed catalyst
bed operation wherein the respective catalyst beds are
periodically regenerated in situ, the process is also well
adapted to be carried out in a moving catalyst bed, or
in a slurry-type reaction system, or in one of the fluid-
ized catalyst iype. In the latter methods of operation
(wherein the general procedures to be employed are now
well established in the art), separate vessels are em-
. ployed for the respective reaction and regeneration zones.
However, since in carrying out the process of this in-
vention the catalyst retains its activity over long periods
of time, it is normally preferable, from an economic
standpoint, to employ the fixed catalyst bed method of
operation or some modification thereof.

EXAMPLES
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Extensive experimental data covering variations in feed ]

composition, catalysts, and operating variables have been
utilized in the development of plant process designs in-
corporating the inventive features of the subject process.
In the following case examples and detailed description
of a preferred embodiment of the present invention, the
operating variables and conversion factors have been de-
termined by correlation of experimental data and pro-
jected for full-scale plant operations in accordance with
the specific process design and feed composition. Thus,
in the following cases examples, the results that can be
expected from a 10,000 b.p.d. (barrels per day) iso-
merization-cracking zone under the specified operating
conditions are shown in Table 1. For comparative pur-
poses only, case I shows an isomerization-cracking op-
eration wherein the total bottoms fraction (ie., that
fraction boiling above the gasoline end point) and boil-
ing in-the range of from about 400° to 570° F. is re-
cycled to extinction. Case II shows an operation in ac-
cordance with the present invention, wherein only the
portion of the bottoms fraction boiling from about 400°
to 475° F. is recycled to extinction, with the remainder
(boiling above about 475° F.) being withdrawn from the
system,

55

60

65

75

Case I | Case IT
Catalyst, 1-5% Molybdenum Oxide on Siliea-
Alumina.
Fresh Feed, 400° to 570° F., Hydrofined Catalyti-
cally Cracked Cycle Oil, bopado_____________ 5,000 6,66
Recycle, b.p.d 5,000 3,340
Total Feed (including reeyele) b.p.d... . _____ 10,000 10,000
LHSV.. 2
Temperature, ° F.:
Initial On-Stream 700 700
Final On-Siream 825 825
Pressure, p.sig._._ 1,50 1,500
Ha, s.c.i./b. of Total Feed. 6,000 6,000
H, Consumption, s.c.t./b. of Total Feed_._______ 1,300 870
Produets:

Gasoline, Cst, b.p.doceoo . 5,000 4,440
I-1 Clear__ 85 88
P-1+3mL TEL . 95-97 96-98+4-

Diesel Fuel, b.p.d 0 2,220
Cetane NO...... 48

From the above summary it can be seen that the
present invention (case II) can be expected to produce
gasoline of higher octane number than could be expected
by merely recycling the total bottoms fraction to ex-
tinction. In the light of current estimates on the millions
of dollars of capital investment required to raise present-
day premium motor fuels one F—1 octane unit, the high
octane gasoline product of the present invention is an
extremely advantageous result. Furthermore, it should
be noted that the non-recycled portion of the isomeriza-
tion-cracking unit bottoms (boiling abeve about 475° F.)
can be expected to be an excellent diesel fuel of high
cetane number. ’

PERATION WITH CATALYTIC CRACKING
STEP, GENERAL

As noted hereinbefore, a preferred embodiment of the
present invention provides for the integration of a catalytic
cracking unit with an isomerization-cracking process, On
first considering the combination of these two specific
units, it appeared that the catalytic cracking unit should
act as the source of the preferred isomerization-cracking
unit feed, namely, cracked cycle oil, and that operations
should be conducted so as to recycle all of the portions of
the effluent boiling above about 325° F. from the isomer-
ization-cracking zone either to that zone (extinction re-
cycle) or to the catalytic cracking unit for further crack-
ing. However, it was discovered that if the process com-
bination were operated according to the method outlined
below, and shown in the appended drawing, considerable
advantages could be expected over the possible recycle
systems initially considered.

According to this preferred embodiment, a hydrocar-
bon fraction suitable for use as a feed stock to a catalytic
cracking unit (such as, for example, a straight-run dis-
tillate in the nature of gas oil obtained from crude pe-
troleum by simple distillation) is contacted in a cracking
zone with an active cracking catalyst under conditions
adequate to effect substantial cracking of the feed. The
resulting effluent is passed into a separation zome from
which is recovered a gas fraction, a gascline fraction, an
intermediate fraction having an initial boiling point of
about 375°+50° F., and an end point of below about 900°
F., and a heavy botioms fraction. The intermediate frac-
tion comprises the fresh feed to an isomerization-cracking
unit of the type hereinbefore described. The conditions
maintained in the latter unit are also the same as those
previously described. The efffuent from the isomerization-
cracking zone is then freed of a hydrogen-rich recycle

. stream which is returned, along with make-up hydrogen to

replace that consumed in the reaction, to the isomeriza-
tion-cracking zone. The remaining portion of the effluent
is then separated so as to recover a gas fraction, at least
one gasoline fraction, an intermediate fraction having an
initial T.B.P. of about 375°%=50° F., and an end point
of about 475°125° F., and a bottoms fraction boiling
above said intermediate fraction.
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At least a portion, and preferably all, of the intermedi-
- ate fraction recovered from- the effluent of the isomeriza-
_ tion-cracking zone desirably is recycled to that zone, since
“jts-high aromatic conteént makes it very refractory to
catalytic cracking. Furthermore, it has been found that,
despite its refractory mature to catalytic cracking, this.in-
térmediate fraction is readily converted in the isomeriza~
tion-cracking zone to high-octane gasoline boiling below

the initial point of the recycle fraction.

Regardless of the amount of the intermediate fraction
recovered from the isomerization-cracking zone that is
recycled to that zone (as outlined: above) it is desirable
to recycle at least a portion of the heavy ‘bottoms fraction
(baving an initial T.B.P. of about 475° -+25° F.) recovered
from the isomerization-cracking zone effluent to the. cata-

. Aytic cracking zone. It has been found that this fraction’

is less refractory in catalytic cracking than conventional
light catalytic cycle-oil and is more. refractory than such
_ cycle stock in the isomerization-cracking reaction.. Thus,
increased throughput may be attained in both the catalytic
‘cracking and the isomerization-cracking units.  Further,
by recycling the intermediate cut récovered from the isom-
erization-cracking zone back to that zonme, the aromatics
that are so refractory toward further catalytic cracking
are, instead, converted to high octane gasoline in the isom-
erization-cracking zone. ) )
OPERATION WITH CATALYTIC CRACKING STEP,
: DETAILED DESCRIPTION
As noted above,. the following detailed description - of

a preferred embodiment of the subject invention employs
operating variables and conversion factors that have been

determined by ‘correlation with experimental data and -

15

20

and a tar bottoms fraction- (amounting :to about 500
b.p.d.) is recovered and passed from the system by line
34. By employing the noted stock as a feed to a-fluid-
type cracking unit, employing a silica-alumina catalyst, a
gasoline production and recovery of about: 3,500 b.p.d.
(based on about a 400° F. end point product) can be ex-
pected to be recovered from separation zone 11 by line 15.

The intermediate fraction . recovered from separation

- (or fractionation) zone 13, amounting to about 4,500

b.p.d., comprises a major proportion of the feed to .the -
isomerization-cracking zone 19. This intermediate frac-
tion is supplied to the latter unit through line 16, along
with a hydrogen-rich-gas stream supplied through line:20, -
the latter stream (which includes both make-up hydrogen -
entering the system by line 21 as well as recycle hydrogen -
from line 2¢) being supplied in an amount of from about
1,500 -to 39,000, and-preferably from about 3,000 to

15,000 s.c.f. (standard cubic feet) per barrel of total Te-

actor feed, said feed including the intermediate fraction
from catalytic cracking zone 11 entering by line 16 as
well as recycle through line 31 from isomerization-crack-
ing zone 19, as hereafier described. Additional isomer-
ization-cracking feed can-be introduced into “the system

“ from an external source if desired.. For example, light

25

thermally cracked cycle oil from-a refinery thermal crack-

 ing unit can be passed into isomerization-cracking zone 19

30

projected” for full-scale plant operations in accordance. -

with the specific process "design. and feed composition.
For..comparative purposes. only, the advantages of the
.-subject process are -demonstrated for processing an: in-
- crement of light straight-run gas oil through a catalytic
. cracking unit.in a large refinery running mixed California

crude oils, with.a common light cycle oil stream from all

catalytic cracking in the refinery. S
-Referring to the figure of the appended drawing; which
‘is'a simplified flow scheme of a refinery unit suitable for
_ use in practicing-the invention,-10,000-b.p.d.- (barrels per
_ day) of straight-run light gas oil feed are passed by line
‘26 into catalytic cracking-zone 11 wherein it is contacted,
- under cracking conditions, with'a cracking catalyst. Al-
though the present description is‘concerned with the crack-
ing of a particular gas.oil fraction (light gas oil), the sub-
Ject process can employ-as the feed to the. catalytic crack-
inig nnit any hydrocarbon fraction:that lends-itself to the
.. ¢atalytic cracking operation such as-heavy.gas oil, heavy
“hydrocarbons derived from oil shale or tar sands, or syn-

thetic fuel processes, and the like. . The catalytic crack- -

- ing teaction may be performed in any. particular unit or
process directed to that end. For example, it may be-done
in any of the conventional processes. such as the fixed
catalyst ‘bed- operation of the Houdry commercial units,
.or-the Thermofor or ‘fluid-type moving. catalyst. processes.

The effluent from catalytic cracking zone 11 is removed

therefrom by line 12 from which it is passed into pri- -

mary fractionation zone 13 ‘wherein-it undergoes separa-
tion-into various boiling - range fractions.” As. shown-in
the drawing, a normally-gaseous.(Cg’s, Cy's; and lighter)
fraction is recovered by line 14, a gasoline fraction having
. an initial T.B.P. of about 60°F. and an end point of from
. about 325° to-425° F. is recovered as a product by line

15, an intermediate fraction having an initial - T:B.P. of
5 : .

above ‘about-325° F. (depending upon -the cut point .of
.. the gasoline) and an end point below:-about’ 650° F. is

- recovered fromi zone 13 by line 16,-a bottoms-fraction,-

boiling above said intermediate “fraction--and. normally

35
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through lines 35, 31 and 16 for conversion to gasoline.
The present embodiment is based upon a total Hj of ap-
proximately 6,000 s.c.f. per barrel of total feed. i
The isomerization-cracking step is conducted as herein-
before noted, ie., a pressure ‘of at least 500 p.si.g..and
preferably. from about 800 to 3000 p.si.g.; a temperature
of between about 400° to 900° F., preferably 500° to
800° F.; an LHSV of from about 0.2 to 15; preferably
about 0.4 t0-3.0, and .a catalyst meeting the requirements
discussed above. The present process with feeds low in
nitrogen (hydrofined) can be.operated to advantage at a’
pressure of about 1500 pisi.g.; a space rate below about
2 LHSV;.and an initial on-stream’ temperature of about
550° 10 650° F., with progressive increase to about 750%to
850° F. : With high-nitrogen feeds, similar conditions may

- be used, except that the temperatures during the on-siream
“period may be about 50° F. higher. As to the catalyst, the -

present. design is based on data cbtained with catalysts
having molybdenum oxide (1% by weight Mo) deposited
on a synthetic silica-alumina gel cracking support (con-

_taining approximately 87% silica and 13% alumina), or

both cobalt oxide (2.3%. Co) and molybdenum -oxide

(7.3% Mo), or cobalt (2:0% Co} and chromium (3.5%

Cr), supported by the same type or silica-alumina gel.
The total efffuent from the: isomerization-cracking zone
19 is removed from that zone by line 22.. If the feed to

" zone 19 is one which contains nitrogen- compounds; the’

reactor efffuent will also contain ammonia due to the hy-

drogenation of the nitrogen compounds. These can be
removed .in the. manner: outlined in our copending: appli-
cation' Serial Mo. 542,156. . In any case, the effluent is -

- cooled and-passed by line 22 into a high pressure: gas-
- liguid- separator 23 from- which a“hydrogen-rich recycle
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stream’ is withdrawn overhead and returned, along with
* make-up: hydrogen entering by line 21, by line 28 to the

“ isomerization-cracking zone. ~According to this particular
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design and feed, a hydrogen consumption of about 1200

“to 1600-s.c.f. per barrel of fresh isomerization-cracking -

unit feed (360-470 s.c.f./bbl. based on the original.gas oil
feed .to the catalytic cracking zone .11) can be-expscied,
thus requiring & corresponding amount of hydrogen to be
added through line 21.  The remainder of the effluent is

- ‘preferably passed by line 24 into a low pressure vapor-
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liquid separator 25 to remove C, and lighter normally-

- gaseous components by line 26.  The remaining normally

termed “heavy cycle oil,” is tecovered by:line 17 from

“which ‘it is preferably returned by lines '8 and 10 ‘to-the
* ‘cafalytic cracking zone 11 as a component-of the feed,
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liquid portion of the effluent is then passed by line 27 into

“secondary fractionation zone 28 from which is recovered -
-a relatively light- gas fraction (Cy's and lighter) by lines

29 and 26, a gasoline fraction (amounting to 3,000 b.p.d.):
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by line 30, an intermediate fraction (1500 b.p.d.) boiling
in the range of from about 400° to 475° ¥. by line 31, and
a bottoms fraction boiling above about 475° F., amounting
to about 1500 b.p.d., by line 32.

Following the above-noted separation step, the inter-
mediate fraction is recycled as a component of the feed to
the isomerization-cracking zone 19 by lines 31 and 16
wherein it undergoes further conversion to gasoline. The
bottoms fraction recovered from fractionation zone 28 by
line 32 can be diverted from the system by line 33 and
employed as an excellent diesel (cetane number generally
above about 45), jet, turbine, or other fuel where a low
aromatics content is desirable, or processed further as de-
sired.

RESULTS OBTAINABLE WIiTH PROCESS OF
PRESENT INVENTION

With the particular design and feed stock described
above, it can thus be expected to produce about 6500 b.p.d.
(3500 b.p.d. from the catalytic cracking unit and 3000
b.p.d. from the isomerization-cracking unit) of gasoline of
an octane number of around 96-100 F—11-3 mi. TEL.
Further, about 1500 b.p.d. of excellent diesel fuel can be
expected, thereby giving a total of about 8C00 b.p.d. of
valuable gasoline and diesel fuel.

To afford a means of comparison, from available daia
a process design was developed to cover the same basic
two-reaction system except that the total boitoms (about
400° F.-|-initial boiling point) from the isomerization-
cracking zone is recycled to the isomerization-cracking
zone where it undergoes further reaction. Under such
a scheme, a total gasoline production of 8060 b.p.d.
(from a 10,000 b.p.d. fresh catalyiic cracking feed) with
a hydrogen consumption of about 1500-1700 s.c.f. per
barrel of fresh isomerization-cracking unit feed (650-700
s.c.£./bbl. of original gas oil feed to the catalytic crack-
ing zone 11) can be expected. However, even though
the gasoline output in this latter case may be slightly
more than the process of the present invention, the
subject invention provides for about a 33 percent decrease
in isomerization-cracking zone size and about a 45 per-
cent reduction in the amount of hydrogen (based on the
original catalytic cracking unit feed) necessary for the
isomerization-cracking reaction. GObviously, these reduc-
tions are of considerable economic importance to the
refiner who must meet the present day gasoline require-
ments of high compression engines at the lowest possible
cost.

When operating the present process with recycle to the
isomerization-cracking zone of the intermediate fraction
recovered therefrom, and also with recycle to catalytic
cracking zome 11 through line 18 of the fraction boil-
ing above this intermdiate fraction, the following ad-
vantageous results are obtained. When operations are
conducted in this manner, a total of about 7600 b.p.d.
(4160 barrels produced in the catalytic cracking unit and
3500 b.p.d. in the isomerization-cracking unit) of high

octane gasoline (around 96-100 F-14-3 ml, TEL), with -

a hydrogen consumption of about 1200-1600 s.c.f. per
barrel of fresh isomerization-cracking process feed (500—
670 s.c.f./bbl. based on original feed to the catalytic
cracking unit 11), can be expected. Again, comparing
these figures with the scheme wherein the total fraction
from the isomerization-cracking unit boiling above gaso-
line is recycled to the catalytic cracking process, it can be
seen that about a 21 percent reduction in isomerization-
cracking unit size and about a 22 percent reduction in
hydrogen consumption (based on gas oil feed to the
catalytic cracking unit) can be expected.

We claim:

1. A process for npgrading hydrocarbon stocks having
an initial boiling. point of above about 325° F. and
an end point below about 900° F., which comprises
contacting said stocks in an isomerization-cracking zone,
in the presence of from about 1,500 to 30,000 s.c.f. H,
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per barrel of total feed to said zone, with a catalyst com-
prising a hydrogenating-dehydrogenating component se-
lected from the group consisting of (a) about 1 to
12% molybdenum oxilde, (») a mixture of from about
1 to 12% molybdeum oxide and from about 0.1 to 10%
cobalt oxide, (¢) mixtures of from about 0.5 to 10%
each of cobalf oxide and chromium oxide, (d) about
0.1 to 10% nickel metal, (¢) about 0.1 to 10% nickel
oxide, (f) about 0.1 to 10% nickel sulfide, (g) about
0.1 to 10% cobalt metal, (k) about 0.1 to 10% cobalt
oxide, (i) about 0.1 to 10% cobalt sulfide, (j) mixtures
of from about 0.1 to 10% each of nickel metal and
cobalt metal, (k) mixtures of from about 0.1 to 10%
each of nickel oxide and cobalt oxide, and (/) mix-
tures of from about 0.1 to 10% each of nickel sulfide
and cobalt suifide, said catalyst further comprising an
active cracking support comprising silica-alumina having a
silica content of about 70 to 99% at a temperature of
from about 400° to 900° F., a pressure of at least 500
p.s.ig., and an LHSV of from about 0.2 to 15; recover-
ing from the effluent of said isomerization-cracking zone
at least one normally gaseous fraction, at least cne gaso-
line fraction, an intermediate fraction having an initial
boiling point of about 375°+50° F. and an end point
of about 475°25° F., and a bottoms fraction boiling
above said intermediate fraction; returning to the isom-
erization-cracking zone at lsast a portion of said inter-
mediate fraction; and passing to a catalytic cracking
zone at least a portion of said bottoms fraction.

2. The process of claim 1, wherein the catalyst is
characterized by a severity factor (SF) less than 2.0.

3. A process for upgrading hydrocarbon stocks having
an initial boiling point of above about 325° F. and an
end point below about 900° F., which comprises con-
tacting said stocks in an isomerization-cracking zome, in
the presemec of from about 1,500 to 30,000 s.c.f. H,
per barrel of total feed to said zone, with a catalyst
comprising a hydrogenating-dehydrogenating component
selected from the group consisting of (a) about 1 to 12%
molybdenum oxide, (») a mixture of from about 1 to
12% molybdenum oxide and from about 0.1 to 10%
cobalt oxide, (c¢) mixtures of from about 0.5 to 10%
each of cobalt oxide and chromium oxide, (d) about
0.1 to 10% mnickel metal, (e) about 0.1 to 10% nickel
oxide, (f) about 0.1 to 10% nickel sulfide, (g) about 0.1
to 10% cobalt metal, (h) about 0.1 to 10% cobalt oxide,
(#) about 0.1 to 10% cobalt sulfide, (j) mixtures of from
about 0.1 to 10% each of nickel metal and cobalt metal,
(%) mixtures of from about 0.1 to 10% each of nickel
oxide and cobalt oxide, and (/) mixtures of from about
0.1 to 10% each of nickel sulfide and cobalt sulfide, said
catalyst further comprising an active cracking support
comprising silica-alumina having a silica content of about
70 to 99% at a temperature of from about 500° to 800°
F., a pressure of at least 500 ps.i.g., and an LHSV
of from about 0.4 to 3.0; recovering from the effluent
of said zone a hydrogen-rich, gaseous fraction, a remain-
ing normally gasecus fraction, at least one gasoline
fraction, an intermediate fraction having an initial boil-
ing point above about 325° F. and an end point of
about 475°+25° F., and a bottoms fracticn boiling above
said intermediate fraction; returning to the isomerization-
cracking zone said hydrogen-rich fraction and at least a
portion of said intermediate fraction; and passing to a
catalytic cracking zone at least a portion of said bottoms
fraction.

4. A process for producing gasoline from a hydro-
carbon fraction suitable for use as a feed to a catalytic
cracking process, which comprises contacting said frac-
tion with an active cracking catalyst in a catalytic crack-
ing zome under cracking conditions; recovering from
the effluent of said cracking zone at least one gas frac-
tion, at least one gasoline fraction, an intermediate frac-
tion having an initial T.B.P. above about 325° F. and an
end point below about 900° F., and at least one fraction
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boiling above said intermediate fraction; contacting said
“intermediate fraction in an isomerization-cracking zone,
in the presencé of from about 1,500 to 30,000 s.c.f. Hy
per: barrel  of ‘total feed to -said isomerization-cracking
zone, with a catalyst comprising a hydrogenating-dehy-
drogenating component selected from the group consist-
ing of (a) about 1 to 12% molybdenum oxide, (b) a
mixture of from about 1 to 12% molybdeum oxide.and
from about 0.1 to 10% cobalt oxide, (c) mixtures of
“from about 0.5 to 10% each of cobalt oxide and chro-
mium oxide, (d) about 0.1 to 10% mnickel metal, (e)
about 0.1 to 10% =ickel oxide, (f) about 0.1 to 10%
nickel sulfide, (g) about 0.1 to 10% cobalt metal, (k)
about 0.1 to 10% cobalt oxide, (i) about 0.1 to 10%
cobalt sulfide, (j) -mixtures of from about 0.1 to 10%
each of nickel metal and cobalt metal, (k) mixtures
of frem about 0.1 to 10% each of nickel- oxide and
cobalt oxide, and"(I) mixtures of from about 0.1 to 10%
“each of nickel sulfide and cobalt sulfide, said catalyst
" further comprising an active cracking support compris-
ing silica-alumina having a silica content of about 70
t0 99%-at a temperature of from abcut 400° to 900° F.,
a pressure of at least 500 p.s.ig., and an LHSV of from
about 0.4 to 3.0; recovering from the effluent of said
isomerization-cracking zone at least one. gas fraction,
at least one gasoline fraction, an intermediate fraction
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having ‘afiinitial T.B.P. above about 325° F. and an

end point of about 475°+25° F., and a bottoms fraction
boiling above said intermediate fraction; returning to the
isomerization-cracking zoiie at least a portion of the-in-
termediate fraction recovered from the effluent. there-
from; passing to. the catalytic cracking zone at least a
portion of the bottoms -fraction recovered from the
effluent therefrom.

5. The process of claim. 4, wheréin a hydro'gen-'rich,‘

normally gaseous fraction is recovered from the effluent
* of the isomerization-cracking zone and is. returned- as
recycle fo that zone. ) ;

6. The process of claim 4, wherein the catalyst in the
isoinerization-cracking zone is characterized by a severity
factor (SF) below 2.0. ’ o :

7. The process of claim 4, wherein a hydrocarbon
.- fraction having an initial T.B.P. about about 325° 'F.
“and an end point below about 900° F., and obtained from

a-thermal cracking unit; is additionaily passed into the %

isomerization-cracking zope.
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“of from about 800 to 3,000 psi.g.,

oxide; and (I) mixtures of from sbout 0.1 to 10% each
of nickel sulfide and cobalt sulfide, said catalyst- further
comprising an aciive cracking support comprising silica-
alumina having a silica content of about 70°to 99% at
a temperature of from about 500° to 800° F., a pressure
and -an LHSV -of
from about 0.4 to 3.0; recovering from the -effluént of
said' isomerization-cracking zone a hydrogn-rich ‘gaseous
fraction, a remaining normally —gaseous hydrocarbon
fraction, a gasoline fraction, an intermediate fraction -
having an initial T.B.P. above about 325° F. and an
end point below about 560° F., and a bottoms fraction
boiling above said intermediate fraction; returning 1o
thé isomerization-cracking zone the hydrogen-rich" frac-
tion and at least a portion of and intermediate fractien .
recovered from the effluent from said zone; passing to
the catalytic cracking zome at-least a portion of the
bottoms fraction recovered from- the effiuent from said
zone. )
9. The process of claim- 8, wherein the catalyst in the
isomerization-cracking zome is characterized by a severity
factor (SF) below 2.0. . . -
10. A process for producing gasoline from- cracked
etroleum stocks having initial boiling points above about
325° F. and end points below about 900° F., which
comprises contacting said stocks in an isomerization-
cracking zome, in the presence of from about 1,500. to
30,000 s.c.f. H, per barrel of total feed to said zone, -
with a catalyst:.comprising a hydrogenating-dehydrogenat-
ing component selected from the group consisting of (a)

“gbout 1 to 12% molybdenum’ oxide, (b) -a. mixture of

from about 1 to 12% molybdenum oxide:and from about
0.1 to 10% cobalt oxide, (¢) mixtures of from about
0.5 t0 .10% each of cobalt oxide and chromium oxide,

(d)* about 0.1 to 10% . nickel metal, (e) about 0.1 to .

10 nickel oxide, (f) about 0.1 to 10% -mickel sulfide,

" (g) about 0.1 to 10% cobalt meial, (%) about 0.1 to-

10%. cobalt oxide, (¢) about 0.1 to 10% cobali sulfide; -
(j) mixtures of from about 0.1 to 10% . each of nickel
metal and cobalt metal, (k) mixtures of from about

0.1 t0 10% each of nickel oxide and cobalt oxide; and

8. A process for producing gasoline from a petroleum

fraction suitable for use as a feed to a catalytic crack-

".ing process, which comprises contacting said fraction with_

an active cracking catalyst in a catalytic cracking zome
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under cracking  conditions; recovering from the effluent -

of said cracking zone a gas {raction, at least one gasoline
" fragtion,-an-intermediate fraction having an initial T.B.P.
“above about-325°-F. and an end point below about 200°
F., and at least -one heavy fraction toiling above said

(I) mitxures of from about 0.1 to 10% each of nickel
sulfide ‘and cobalt sulfide, said catalyst further com-
prising an activé ~cracking -support comprising . silica-
alumina having a silica content of about 70 to $9%. at
a temperature of from about 500° to 800° F., a pressure’
of at least 500 p.s.i.g., and an LHSV of from 0.2 to’15;

“recovering from the efiluent of said zone-a hydrogen-rich

gaseous fraction, a remiaining normally gaseous. fraction,
at least one gasoline fraction, an intermediate fraction

_having an initial boiling point above about 325° F.and

an end point below about 500° F., and a bottoms frac- /

" tion boiling above said .intermediate fraction;-returning -

intermediate fraction; returning at least a portion of: said -

heavy fraciion to the catalytic cracking zone; contacting
. said intermediate fraction in an isamer?zaticn-qracking
zone, in the presence of from about 3,000 to 15,000 s.c.f.

H, per barrel of total feed to said isomerization-cracking

* ~zone, with -a catalyst comprising ‘a hYdrogenau'ng-dehy—
drogenating component selected from the group consist-
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ing of (a) about 1.to 12% molybdenum-oxide, (b) a .

“mixture of from about 1 to 12%. molybdenum oxide ‘and

from about 0.1 ‘to 10% cobalt oxide, (c)-mixtures of

from about 0.5 to 10% each of cobalt oxide and chro-

mium oxide, () about 0.1 to 10% nickel metal,. (e)

“about 0.1 to 10% nickel oxide, (f) about 0.1 to 10%
nickel sulfide, (g) about 0.1 to 10% cobalt metal, (k)
about 0.1 to - 10%. cobalt oxide, () about 0.1 to 10%
cobalt sulfide, (j) mixtures-of from about 0.1 to 10%
each of nickel metal and cobalt metal, (k) mixtures of
from about 0.1 to 10% each of nickel oxide and cobalt
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to -the .isomerization-cracking zone the hydregen-rich
fraction and at least a portion of the intermediate fraction
recovered therefrom; passing to a catalytic cracking zone
at least a portion of said. bottoms fraction recovered -
therefrom.’ - ST . LT

11, The process of claim 10, wherein the feed to the-
isomerization-cracking zone is: a “catalytically .cracked
stock. : e o S
12. The. process of claim 10, wherein the feed to-the
isomerization-cracking zons is a thermally cracked stock.
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